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Available online 31 December 2013AbstractBackground: For suspected acute appendicitis (AA), risk stratification with clinical tools and supplemental imaging is useful for reducing
unnecessary surgery and radiation exposure without increased appendicitis rupture.
Purpose: In patients receiving surgery for suspected AA, we compared adults versus children, and patients with versus without AA. Based on
these facts and the benefits of surgery in patients without AA, we recommend a way to reduce unnecessary surgery.
Methods: We retrieved the records of patients who underwent surgery for presumed appendicitis from January 2009 to December 2011. Risks of
AA were assessed using the Alvarado score or the pediatric appendicitis score. We compared the adult and pediatric patients, and the patients
with and without AA. The value of surgery for non-AA patients was evaluated by experts using the Delphi method.
Results: We enrolled 314 patients, which comprised 258 adults and 56 children. Adult patients had higher percentages of migratory abdominal
pain and local tenderness. Pediatric patients had higher frequencies of anorexia, nausea, vomiting, and leukocytosis. Our pediatric patients had
higher clinical scores than adults (p < 0.001). The arrival-to-surgery time was shorter in children (p ¼ 0.040), whereas no significant difference
was found in symptom-to-emergency department time or length of hospital stay. There were 15 adults and one child without AA. The non-AA
adults had a lower percentage of local tenderness (p ¼ 0.040) and longer arrival-to-surgery times (p ¼ 0.015) and hospital stays (p ¼ 0.020). In
the valuing of surgery, of the 16 patients eight were evaluated as indicated, six as helpful, and two as not helpful.
Conclusion: Preoperative imaging studies should be considered in moderate-risk patients, especially when the clinical manifestations are
ambiguous. More workups, or even a prolonged observation, but not rushing to the operation theater, should be undertaken for patients with
unremarkable imaging. In high-risk patients, surgery was valuable for patients without preoperative imaging, or with suggestive but inconclusive
imaging results.
Copyright  2013, Taiwan Society of Emergency Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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Acute appendicitis (AA) is a common emergency condition
encountered in emergency medicine and surgery. The lifetime
risk of AA was estimated to be 8.6% for men and 6.7% for
women.1 Failure to provide timely diagnosis and treatment can
incur morbidities and even mortality. Various clinical* Corresponding author. Department of Emergency Medicine, Chiayi
Christian Hospital, 539 Chuan-Hsiau Road, Chiayi City 60002, Taiwan.
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http://dx.doi.org/10.1016/j.jacme.2013.10.003diagnostic tools have been developed to facilitate the diagnosis
of AA.2,3 The Alvarado score and pediatric appendicitis score
(PAS) have frequently been used, and they have been validated
to be simple, practical diagnostic tools for accessing acute
abdomens.4e6 However, clinical manifestations of appendicitis
can be vague and uncertain, especially in the early stages.
These two scores, although very well validated, have not met
the current performance benchmarks.7
Since the introduction of preoperative ultrasound and
computed tomography (CT), the rate of negative appendec-
tomy has decreased.8e11 However, there are limitations for
these imaging examinations. For AA, the diagnostic accuracyMedicine. Published by Elsevier Taiwan LLC. All rights reserved.
Table 1
Characteristics, clinical scores, courses, and pathological diagnoses of the
enrolled patients.
Adult Child p
No. of patients 258 56 N/A
Sex ratio (M/F) 1.10 1.67 0.108
Age (y), median (IQR) 43 (30e58) 12.5 (10e15) N/A
Presenting symptoms
Migratory abdominal pain 66.3 50.0 0.022
Anorexia 43.0 83.9 <0.001
Nausea/vomiting 34.9 75.0 <0.001
Fever 20.9 30.4 0.126
RLQ tenderness 98.8 94.6 0.038
Rebounding pain/tap pain 43.0 44.6 0.882
Leukocytosis 82.9 98.2 0.003
WBC left shift 76.4 87.5 0.066
Clinical score,a median (IQR) 7 (5.28e8) 8 (7e9) <0.001
High risk (7e9) 51.6 79
Moderate risk (4e6) 41.1 21
Low risk (<4) 7.3 0
Preoperative CT scanning 62.0 44.6 0.017
Time logs, median (IQR)
Symptoms to ED (h) 24 (8e48) 21.5 (8.25e42) 0.378
Arrival to surgery (h) 6 (4e8) 4.5 (3e8) 0.040
LOS (d) 4 (3e5) 3 (3e5) 0.154
Pathological diagnosis of
acute appendicitis
94.2 98.2 0.407
Data in bold-italic emphasize the statistical significance.
Data are presented as % unless otherwise indicated.
ED ¼ emergency department; IQR ¼ interquartile range; LOS ¼ length of
stay; PAS ¼ pediatric appendicitis score; RLQ ¼ right lower quadrant;
WBC ¼ white blood cell.
a Clinical score: Alvarado score for adults and PAS for children.
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and can be interfered with by fat, bowel gases, and inadequate
cooperation of the patient because of pain.12,13 CT has pro-
vided more consistency and greater diagnostic accuracy than
ultrasonography.14e16 However, its cost and patient exposure
to ionizing radiation have become increasing concerns, espe-
cially in children and women of child-bearing ages.17,18
In the era of patient safety and high-quality medical ser-
vices, a clinical diagnosis of AA might not convince all pa-
tients to accept surgical operation. Although they decrease the
proportion of negative appendectomies, ultrasonography and
CT have their own limitations, which preclude every patient
from routinely undergoing imaging studies prior to surgery.
Risk stratification with clinical decision rules and imaging
studies were developed to reduce unnecessary surgery and
radiation exposure, and these reductions have been reported
without an increased risk of appendiceal rupture.5,6,19e21
Based on clinical scores, high-risk patients can proceed to
surgery, whereas close observation is recommended for low-
risk patients. Diagnostic imaging is reserved for moderate-
risk patients whose diagnoses are often ambiguous. Howev-
er, the preoperative diagnosis of AA is not always straight-
forward. A small but definitive percentage of patients
receiving surgery for suspected AA have other pathological
results. The findings of these patients must be evaluated to
reduce the rate of unnecessary surgery without sacrificing
timely surgery for AA patients.2. Objectives
In patients receiving surgery who were suspected to have
AA, we compared the adult and pediatric patients, and the
patients with and without pathologically proven AA. Based on
clinical manifestations, preoperative CT, pathological results,
and peer valuing of the surgery in patients whose final diag-
nosis was not AA, we recommend a method for reducing
valueless surgery.
3. Methods
This was a retrospective, observational study undertaken in
a tertiary referral hospital with approximately 110,000 annual
emergency department (ED) visits. The emergency patient
cohort consisted of 57% adult emergencies, 21% pediatric
emergencies, 19% traumas, and 3% miscellaneous emergen-
cies. After obtaining approval from the institutional review
board, we retrieved the data of all patients who received sur-
gery for presumed AA from January 1, 2009 to December 31,
2011. A review of the medical records, including de-
mographics, clinical manifestations, laboratory results, imag-
ing studies, surgical interventions, and pathological reports,
was undertaken by trained data retrievers. We retrospectively
calculated the Alvarado score for adult patients, and PAS was
used for patients younger than 18 years. We adopted 7 and 4 as
the cutoff values for the risk stratification of AA. Scores of 7
or greater were considered high-risk, scores of 4e6 were
moderate-risk, and scores <4 were low-risk. Official reports of
preoperative imaging examinations were reviewed. We used
the pathology report as the gold standard for diagnosis. We
excluded patients with incomplete records, those who refused
or did not undergo surgery in our hospital, and those with no
pathology reports available.
We compared the characteristics of adult and child patients,
and between nonappendicitis (NA) and AA patients. Contin-
uous variables were compared using the ManneWhitney U-
test, whereas nominal or categorical variables were compared
using the Chi-square test. A p value <0.05 was considered
statistically significant. The necessity of surgery for NA pa-
tients was rated by three experienced emergency physicians
and three experienced surgeons, based on the clinical mani-
festation and final diagnosis. Five scales of rating, ranging
from emergently indicated to, indicated, helpful, not helpful,
and harmful, were adopted. If there was any rating discrepancy
greater than one scale from the median, we used the Delphi
method to determine a consensus. From the above results and
the current guidelines, we recommend a method for reducing
valueless surgery.
4. Results
There were 258 adults and 56 children enrolled in this
study. Although the male ratio was higher in children (1.67)
than in adults (1.10), the difference did not reach statistical
significance (p ¼ 0.108). In presenting symptoms, adults had
higher percentages of migratory abdominal pain and local
Table 3
Comparison between adult appendicitis and nonappendicitis patients.
Appendicitis Nonappendicitis p
No. of patients 243 15 N/A
Sex ratio (M/F) 1.11 0.88 0.425
Age (y), median (IQR) 43 (30.5e58) 38 (31e59) 0.867
Presenting symptoms
Migratory abdominal pain 67.1 53.3 0.275
Anorexia 42.8 46.7 0.794
Nausea/vomiting 35.4 26.7 0.596
Fever 20.2 33.3 0.224
RLQ tenderness 99.2 93.3 0.040
Rebounding pain/tap pain 44.0 26.7 0.283
Leukocytosis 83.5 73.3 0.308
WBC left shift 75.7 86.7 0.333
Alvarado score, median (IQR) 7 (6e8) 6 (5e7.5) 0.445
High risk (7e9) 51.9 46.7
Moderate risk (4e6) 41.2 40.0
Low risk (<4) 7.0 13.3
Preoperative CT scanning 61.7 66.7 0.790
Time logs, median (IQR)
Symptoms to ED (h) 24 (8e48) 48 (8e72) 0.316
Arrival to surgery (h) 6 (4e7) 8 (7e10) 0.015
LOS (d) 4 (3e5) 4 (4e8) 0.020
Comorbidity
Cloudy consciousness 0.4 0.0 0.803
Diabetes mellitus 3.3 0.0 0.475
Cerebrovascular diseases 7.8 0.0 0.261
Congestive heart failure 0.0 0.0 N/A
Chronic renal failure 1.2 0.0 0.665
Malignancies 1.6 6.7 0.171
Steroid/immunosuppressant 0.4 0.0 0.803
Aspirin/NSAIDs 0.0 0.0 N/A
Data in bold-italic emphasize the statistical significance.
Data are presented as % unless otherwise indicated.
ED ¼ emergency department; IQR ¼ interquartile range; LOS ¼ length of
stay; NSAIDs ¼ nonsteroid anti-inflammatory drugs; RLQ ¼ right lower
quadrant; WBC ¼ white blood cell.
Table 2
Patients whose pathological diagnoses were not acute appendicitis and the concluded values of surgical operations.
No. Sex Age (y) Clinical
scorea
Preoperative CT finding Pathological diagnosis Comorbidity Value of
surgeryb
1 M 42 3 Inflammation of terminal ileum,
ascending colon, cecum, and appendix
Appendix carcinoid tumor No 4
2 F 43 3 Unremarkable CT scanning Ascending colon diverticulitis No 2
3 F 28 4 Unremarkable CT scanning Negative No 2
4 M 93 5 Ileus without identified cause Fibrotic appendix No 3
5 M 75 5 RLQ abscess with ileus Ruptured Meckel’s diverticulitis No 4
6 F 32 5 Not done Negative No 3
7 F 25 6 Right pelvis inflammation Ascending colon diverticulitis No 3
8 M 76 6 Suspected appendicitis, peritonitis
Carcinomatosis
Metastatic adenocarcinoma in the appendix Gastric cancer 4
9 M 43 7 Suspected ruptured appendicitis Ruptured Meckel’s diverticulitis No 4
10 M 19 7 Not done Negative No 4
11 M 38 7 Not done Negative No 3
12 F 77 8 Not done Mucinous cystadenoma of appendix No 4
13 F 36 8 Right lower pelvis inflammation with
focal ileus and ovarian cysts
Right tubo-ovarian abscess PID 3
14 F 30 8 Mild peritonitis, cause undetermined Mild swelling of appendix No 4
15 F 35 8 Not done Negative No 4
16 M 10 8 Not done Meckel’s diverticulitis No 3
CT ¼ computed tomography; PAS ¼ pediatric appendicitis score; PID ¼ pelvic inflammatory disease; RLQ ¼ right lower quadrant.
a Clinical score: Alvarado score for adults and PAS for children.
b Value of the surgery: 5 ¼ emergently indicated; 4 ¼ indicated; 3 ¼ helpful; 2 ¼ not helpful; 1 ¼ harmful.
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nausea, vomiting, and leukocytosis (Table 1). Based on
Alvarado score, 19 of 258 (7.4%) adults were low-risk, 105 of
258 (40.7%) adults were moderate-risk, and 134 of 258
(51.9%) adults were high-risk. There were no children clas-
sified as low-risk by PAS, 12 of 56 (21%) children were
classified as moderate-risk, and 44 of 56 (79%) children were
classified as high-risk. In our patients, children had higher
clinical scores [median 8; interquartile range (IQR) 7e9] than
adults (median 7; IQR 5.25e8; p < 0.001). There was a
substantial variation in terms of the time from symptom onset
to ED visit, both in adults (median 24 hours; IQR 8e48 hours)
and children (median 21.5 hours; IQR 8.25e42 hours;
p ¼ 0.378). Although the time from ED arrival to the surgical
theater was shorter in children (children: median 4.5 hours,
IQR 3e8 hours; adults: median 6 hours, IQR 4e8 hours;
p ¼ 0.040), there was no significant difference in length of
hospital stay (adults: median 4 days, IQR 3e5 days; children:
median 3 days, IQR 3e5 days; p ¼ 0.154). The positive ap-
pendectomy rate was higher in children (98%) than in adults
(94.2%), but the difference was not significant (p ¼ 0.407).
There were 16 patients (15 adults and 1 child) whose
pathological diagnoses were not AA (Table 2). They contrib-
uted to a gross negative appendectomy rate of 5.1% (adults:
5.8%, children: 1.8%). Based on the clinical tools of risk
stratification, two of the patients were low-risk, six patients
were moderate-risk, and eight patients were high-risk. Because
there was only one negative appendectomy in our pediatric
patients, we compared AA and NA patients in adults only
(Table 3). There was no significant difference in sex or age.
The AA patients had a higher percentage of local tenderness
(99.2% vs. 93.3%; p ¼ 0.040); however, no significant dif-
ferences could be found in other presenting symptoms. In
145T.-H. Huang et al. / Journal of Acute Medicine 3 (2013) 142e147clinical scoring, the NA patients had lower Alvarado scores
(median 6, IQR 5e7.5) than their AA counterparts (median 7,
IQR 6e8), but the difference was not significant (p ¼ 0.445).
NA patients received slightly more preoperative CT scanning
(66.7% than 61.7%) but the difference was not significant
(p ¼ 0.790). The time from symptom onset to ED arrival
varied greatly in both NA and AA patients. The NA patients
(median 48 hours, IQR 8e72 hours) had longer times from
symptom onset to ED visit than the AA patients (median 24
hours, IQR 8e48 hours); however, the difference did not reach
statistical significance (p ¼ 0.316). The NA patients, however,
had a longer arrival-to-surgery time (median 8 hours, IQR
7e10 hours vs. median 6 hours, IQR 4e7 hours; p ¼ 0.015),
and a longer length of hospital stay (median 4 days, IQR 4e8
days vs. median 4 days, IQR 3e5 days; p ¼ 0.020). No sig-
nificant differences were found in comorbidities between the
NA and AA patients.
We performed surgery in 19 low-risk patients. Fourteen of
these patients received preoperative CT, and five received
surgery directly. In patients receiving CT, two of 14 had
negative appendectomies, whereas all five who received sur-
gery without CT had AA (Table 4). In the two NA patients,
one had a CT report of local inflammation, and his surgery was
valued as indicated because an appendiceal tumor was
confirmed by histopathological studies; the other patient had
unremarkable CT results, and her surgery was valued as not
helpful because no pathology was identified by surgery. In
moderate-risk patients, 66 of 105 (62.9%) adults and eight of
12 (66.7%) children received preoperative CT. All of the
children receiving direct surgery were proved to have AA; the
others with preoperative CT also had AA. In adults receiving
direct surgery, one of 39 had a negative appendectomy, and noTable 4
Utilization of CT scanning and final diagnoses in different subgroups of
patients.
Case number Image study Acute appendicitis
Adults
High risk 134 Yes: 80 (59.7%)
No: 54 (40.3%)
Yes: 77
No: 3
Yes: 50
No: 4
Moderate risk 105 Yes: 66 (62.9%)
No: 39 (37.1%)
Yes: 61
No: 5
Yes: 38
No: 1
Low risk 19 Yes: 14 (73.7%)
No: 5 (26.3%)
Yes: 12
No: 2
Yes: 5
No: 0
Children
High risk 45 Yes: 17 (37.8%)
No: 28 (62.2%)
Yes: 17
No: 0
Yes: 27
No: 1
Moderate risk 12 Yes: 8 (66.7%)
No: 4 (33.3%)
Yes: 8
No: 0
Yes: 4
No: 0pathology was found in her abdomen. In adults receiving
preoperative CT, five of 66 had negative appendectomies. In
these five NA patients, CT showed a swollen appendix with
local inflammation, which later proved to be metastatic
adenocarcinoma. CT revealed two cases of local inflammation
without identified causes. Ascending colon diverticulitis and a
fibrotic appendix, respectively, were revealed by surgery.
There was another local abscess with the neighboring ileus
revealed by CT, and ruptured Meckel’s diverticulitis was
identified by surgery. The last case had an unremarkable CT,
and no pathology was found in her abdomen. Among the high-
risk patients, there were 134 adults and 45 children. Fifty-four
of 134 (40.3%) adults and 28 of 45 (62.2%) children received
surgery without CT. There were four adults and one child who
had negative appendectomies. The child had Meckel’s diver-
ticulitis. Surgery identified an appendiceal tumor in one adult
but no pathology in the remaining three adults. In those pa-
tients who received preoperative CT, 17 of 17 children and 77
of 80 adults had AA. Of the three NA patients, CT revealed a
ruptured diverticulitis in one patient, who was later found to
have a ruptured appendicitis during surgery, one patient had
focal pelvic inflammation, and her surgical diagnosis was right
tubo-ovarian abscess, and one patient had mild peritonitis with
no definitive cause other than a mild swelling appendix that
could be identified by surgery.
Regarding the necessity of surgery in NA patients, eight of
16 were evaluated as indicated because tumors or complicated
diverticulitis was detected and treated, or the situation at that
time made the surgery inevitable. Six of the cases were valued
as helpful because diverticulitis and tubo-ovarian abscess were
confirmed and treated, or surgery, rather than conservative
treatment, was preferred at the time. However, there were two
cases in which surgical operations were evaluated as not
helpful because no apparent benefit occurred as a result of the
surgery, although no complications resulted.
5. Discussion
AA is a common emergency complaint, and the cost of
delayed or inappropriate diagnosis can be enormous. However,
not every diagnosis of AA is straightforward, especially during
the early stages of the disease. Various clinical decision rules
have been developed to help the clinician make a good deci-
sion. Alvarado score and PAS are frequently used, and they
have been validated as simple, practical diagnostic tools for
assessing an acute abdomen. Preoperative ultrasonography and
CT have further reduced the negative appendectomy rate, at
the price of increased cost and greater exposure to ionizing
radiation with CT. For the best benefit to the patient, risk
stratification with clinical decision rules and image studies for
moderate-risk patients have been suggested, and these mea-
sures have been proved to reduce unnecessary surgeries and
radiation exposure without an increased risk of appendiceal
rupture.
In the period that our study reviewed, we did not adopt the
clinical diagnostic tools universally in practice. Emergency
physicians and surgeons arrange diagnostic workups and
146 T.-H. Huang et al. / Journal of Acute Medicine 3 (2013) 142e147treatments based on their own knowledge and experience. CT
was usually undertaken in patients with atypical manifesta-
tions and questionable diagnoses. These clinical tools are
currently suggested to be used as diagnostic adjuncts to
stratify patients with right lower quadrant abdominal pain.
Observation was suggested for low-risk patients; however, we
had 19 adults receiving surgery and AAwas confirmed in 17 of
19 adults. In the two NA patients, one surgery was classified as
indicated because an appendiceal tumor was identified and
treated. The other patient received surgery although the CT
was unremarkable. This surgery was valued as not helpful on
peer review. Imaging studies were recommended for
moderate-risk patients whose status was in question. Preop-
erative CT made our surgeons more confident in performing
the surgery, although there were five adult patients whose final
diagnosis was not AA. In these negative appendectomies, four
were valued as indicated or helpful because other pathologies
were identified and treated. The remaining case was valued as
not helpful because no pathology was identified, and her CT
was reported as unremarkable. In the cases without CT, one
patient underwent negative surgery. This young woman might
have been exempted from surgery if she had undergone the
preoperative CT. In low- or moderate-risk patients, we suggest
judicious use of imaging studies prior to surgery. If the CT is
unremarkable, observe the patient first but do not send the
patient to the surgical theater. If there is a swollen appendix or
local abscess revealed by preoperative imaging, surgery is
usually undertaken, even if the pathological diagnosis is NA.
In this study, the overall negative appendectomy rate was
5.1%, which is consistent with previous reports.22e24
There are several appendicitis-mimicking conditions. With
direct involvement or when close to the appendix, it can be
difficult or impossible to distinguish these conditions from AA
prior to surgery, even with preoperative imaging examinations.
Diverticulitis close to or in the cecum, both complicated and
noncomplicated, and gynecological conditions are the most
common.25e28 Primary or metastatic tumors in or close to the
appendix, although less common, cannot be ignored especially
in elderly patients.29,30 Granulomatous inflammation, gastro-
intestinal perforations, and parasite infestations are unusual,
but they have been reported.31e34 Some of these AA-
mimicking conditions, although not AA, require surgical op-
erations. In our NA patients, 10 of 16 had appendicitis-
mimicking conditions.
There were several limitations in this study. First, there was
no universal adoption of risk stratification with a clinical tool
during the period of study; we scored the encounters based on
the medical records. Although it was not difficult, medical
records might not reveal the exact situation at the time. Sec-
ond, the number of negative appendectomies was small.
Although there were no significant differences between AA
and NA patients in several comparisons, some of the differ-
ences might have become significant had more power been
obtained from increasing the number of cases. Third, we did
not evaluate patients who visited our hospital for abdominal
symptoms but received surgery later at other hospitals,
whether or not surgery was suggested by our doctors.However, the bias could have been small because our hospital
is the primary health care provider in the region. Fourth,
valuing of the surgery was subjective, and peer review of
medical records might not reveal every detail of the clinical
encounter at the time. However, we attempted to make it more
objective by briefing the raters prior to rating and by applying
the Delphi method for opinion discrepancies.
In conclusion, in the daily practice of emergency medicine,
we encourage greater but more deliberate use of clinical
scoring tools to stratify patients with suspected AA. Obser-
vation remains the best strategy for low-risk patients. Preop-
erative imaging studies should be considered in moderate-risk
patients, especially when the clinical manifestation is ambig-
uous. More workups or even a prolonged observation, but not
rushing to the operating theater, should be undertaken in pa-
tients with unremarkable imaging. Most of our high-risk pa-
tients had AA, and some AA-mimicking conditions still
require timely surgery for diagnosis and treatment. In high-
risk patients, surgery is valuable for patients without preop-
erative imaging or with suggestive but inconclusive imaging
findings.
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